Abstract:
INTRODUCTION
Chronic Rhinosinusitis (CRS) is an inflammatory disorder of the nose and paranasal sinuses lasting for at least 12 weeks and affects 10.9% of the European population [1, 2] . While 1-4% of the general population report having Nasal Polyps (NP), the occurrence of CRSwNP has been shown to be more prevalent in patients reporting a positive family history of NP and in patients with respiratory phenotypes such as asthma and Allergic Rhinitis (AR) [3 -6] . The prevalence of AR is 10-30% and asthma 1-18% in the general population their risk is strongly associated to a family history of asthma or allergy [7 -9] . Thus, early awareness and treatment of CRSwNP might prevent recalcitrant disease forms and asthma [10, 11] . The aim of this prospective controlled study was to evaluate association between endoscopic, radiologic, self-reported CRSwNP, and family history in detecting CRSwNP. The hypothesis was that radiologic, self-reported and heredity of NPs would all have high predictability of CRSwNP phenotype.
MATERIALS AND METHODS

Subjects
The study was approved by the ethical committees of the Pirkanmaa Hospital district (no R06187, R04044) and of Hospital District of Helsinki and Uusimaa (no 19/13/03/00/11) The research was conducted in accordance with the Helsinki Declaration and the National laws. Written informed consent was obtained from each patient. This prospective study was carried out at the Department of Otorhinolaryngology, Tampere University Hospital, Finland and the Skin and Allergy Hospital, Helsinki University Hospital from 2006 to 2012. A sample of 73 adult patients with CRS suspicion underwent sinus CT scans as previously described [12] . Subject characteristics are presented in Table 1 . CRS was diagnosed according to the European Position Paper on CRS and nasal polyps (typical symptoms and nasal endoscopic signs) and a total Lund-Mackay score over 0/2 [1, 13] . Signs of NPs were evaluated by patient record information of nasal endoscopy performed during CRS-surgery or at outpatient clinic (for those who were not operated) at the time of CT scans and questionnaire. Exclusion criteria were allergic or non-allergic fungal sinusitis, antrochoanal polyps, cystic fibrosis, and primary ciliary dyskinesia.
The control group consisted of 60 adult volunteer subjects who were healthy ±AR. Initial exclusion criteria in the recruitment of controls were smoking and any other disease besides AR. CRS was excluded by both interview and by nasal endoscopy by Otorhinolaryngologist (JN and ST-S). Deviation from protocol: NP was diagnosed by anterior rhinoscopy from n=20 controls with a good visualization to middle meatal area. The baseline data of all subjects was obtained from medical records and by a questionnaire as previously described [14] . Despite exclusion criteria in the interview, 5% of controls reported in the questionnaire as having asthma in the questionnaire (Table 1) .
Questionnaires
The following questions were asked in the questionnaire: Are you a current smoker? (no, yes). Have you ever smoked? (no, yes). Do you have atopy, AR, asthma, Aspirin Exacerbated Respiratory Disorder (AERD)? (no,yes). Do you have a family history of AR? (no, yes, I don't know). Do you have a family history of asthma? (no, yes, I don't know). Do you have a family history of nasal polyps? (no, yes, I don't know). Are you currently using nasal medication? (no, intranasal corticosteroid, intranasal corticosteroid+ peroral antihistamine). Have you used peroral corticosteroid course(s) during the past 12 months? (no, yes, if yes how many).
The following information was obtained from questionnaire and/or patient medical records at Tampere University Hospital: gender, age, skin prick test results, radiologic and endoscopic signs of nasal polyps (no, yes) and of previous operations (no, yes), previous sinonasal operation (no, yes) and other diseases besides asthma, AR and CRS.
CT-scans
CT scans were routinely performed and evaluated by an ENT Radiologist (AM) from all 74 CRS patients as previously described [12] . In this study we used the data of the LundMackay score of sinus CT-scans; and sum of maxillary/ ethmoid sinus mucosal findings (scored as 0=no change, 1=mucosal thickening, 2 = polypous mucosal thickening ± discharge) and detectability of turbinate structures (scored as 0=detected; 1= not detectable), yielding a total maximum radiologic NP score of 16 (Fig. 1, Table 2 ).
Statistical Analysis
Statistics were performed with SPSS 22.0 statistical software package (IBM SPSS Statistics for Windows, Armonk, NY: IBM Corp. Released 2013). Associations were assessed by the Fisher's exact test (dichotomous) and Kruskal-Wallis and Mann Whiteny U test (continuous). Heredity was studied in binary logistic regression models adjusted by the following potential confounding factors: age, gender, subject´s AR and subject´s asthma. Radiologic scores were entered into a Receiver Operating Characteristic (ROC) curve. The predictive performance of various parameters was assessed by using the Area Under The Receiver Operating Characteristic curve (AUROC). Two-tailed P-values of < 0.05 were considered statistically significant.
RESULTS
The subject characteristics used in this study are presented in Table 1 . The proportion of subjects reporting AR was significantly higher in the control group than in the CRS group (p = 0.03). The proportion of subjects reporting intranasal corticosteroid use, and having undergone previous sinonasal operations were significantly higher in the CRS group compared to the control group (p<0.001, p = 0.001, respectively, Table 1 ). The median age of the CRS group was significantly higher compared to the control group (p<0.001, Table 1 ). When comparing to the CRS subgroups, the proportion of patient reporting asthma or AERD was significantly higher in the CRSwNP group compared to the CRSsNP group (p<0.001, Fig. (1) . Evaluation of radiologic signs of nasal polyposis from sinus Computed Tomography (CT) scans. Sinus CT scans that were routinely performed due to clinical purposes. The radiologic NP score was formed based on collected data of the CT scans to evaluation form that was filled by an experienced Radiologist (AM) blinded to patient´s history (12). Sinus mucosal findings were scored as 0=no change, 1=mucosal thickening, 2= polypous mucosal thickening ±discharge. Detectability of turbinate structures was scored as 0=detected; 1= not detectable. The reasons for "not detectable" responses were poor visualization of middle turbinate due to polypoid change or operative modification of turbinate, both considered to be signs of NP. The radiologic NP score [8] [9] [10] [11] [12] [13] [14] [15] [16] Table 1 ). The median age of the CRSwNP group was significantly higher compared to the CRSsNP group (p < 0.001, Table 1 ). The median total LM score of sinus CT scans of the CRSwNP group was significantly higher compared to the CRSsNP group (p<.001, Table 1 ). Higher proportion of CRS patients reported obstruction, postnasal drip and/or facial pain/pressure as one of their worst symptom compared to controls (p<0.003, Table 1 ).
Total radiologic NP score gave an AUROC of 0.95 (95% CI 0.91-1.00), p<0.001 (Fig. 2) . With the threshold value total radiologic NP score ≥ 8/16, the sensitivity for detecting CRSwNP from CRSwNP group was 94% while specificity was 82% (Fig. 2) . When using the cut-off value of eight in Radiologic NP score, 6% of CRSwNP patients did not have radiologic signs of NPs while 18% of CRSsNP patients had radiologic signs of NPs (p<0.001, Table 1 ). Total LM score gave an AUROC of 0.84 (95% CI 0.75-0.94), p<0.001 (Fig. 2) . With the threshold LM score ≥ 9/24 the sensitivity and specificity for detecting CRSwNP from CRSwNP group was 78% and 69% respectively. CRSwNP. CRS= chronic rhinosinusitis; AR= allergic rhinitis; AERD= aspirin exacerbated respiratory disease; NP=nasal polyps; CT scan signs of NP was based on the presence of mucosal NP-suggestive changes of inferior and/or middle turbinate(s), with score 0=no, 1=yes. Total score 0=No NP, total score 1-4 = NP; LM=Lund-Mackay score of sinus Computed Tomography (CT) scans.Q1, Q3: 25% and 75% percentiles respectively. 3 Deviation from protocol:
NP diagnosed by anterior rhinoscopy from n=20 controls by an Otorhinolaryngologist. 4 Sum of maxillary/ethmoid sinus mucosal findings (scored as 0=no change, 1=mucosal thickening, 2= polypous mucosal thickening ±discharge) and detectability of turbinate structures (scored as 0=detected; 1= not detectable). P values by Fisher´s exact test (dichotomous variables) or Mann Whitney U test (continuous variables). Sinus Computed Tomography (CT) scans that were routinely performed due to clinical purposes to a random sample of patients undergoing CRS-surgical consultation. The radiologic NP score was formed based on previously described data of evaluation form that was filled by an experienced Radiologist (AM) blinded to patient´s history. Sinus mucosal findings were scored as 0=no change, 1=mucosal thickening, 2= polypous mucosal thickening ±discharge. Detectability of turbinate structures was scored as 0=detected; 1= not detectable. The reasons for "not detectable" responses were poor visualization of middle turbinate due to polypoid change or operative modification of turbinate, both considered to be signs of NP. 1 Concha bullosa, paradoxical turbinate, turbinate hypertrophy.
A total of 33% of CRSwNP patients reported not having NPs and 18% of CRSsNP patients reported having NPs (p<.001, Table 1 ). While 27% of patients with radiologic signs of NPs reported not having NPs, 22% of patients with radiologic signs of NPs reported having NPs (p<0.001, Table  1 ).
Binary logistic regression was conducted to evaluate the positive and negative family history of NPs and its association with the control and CRS groups. When evaluating the family history, 14% of controls and 21% of CRS group had positive family history of NP (p=.45, Table 3 ). The corresponding percentages of positive family history of asthma were also not significantly different between controls (40%) and CRS (42%) (p=0.084). Interestingly, we found a significant association with positive family history of AR, 56% in controls to 32% in the group CRS (p=0.015, Table 3 ).
Finally, we wanted to evaluate the proportion of subjects not knowing their family history of NP, asthma or AR. Control group and CRS group knew similarly their family history of asthma (p=0.077, Table 4 ), and AR (p=0.082, Table 4 ). In contrast, the knowledge of family history of NPs in the CRS group was significantly poorer compared to the control group (adjusted OR=6.02, 95% p=0 .002, Table 4 ).
DISCUSSION
This study was carried out to study the relationship between endoscopic-, radiologic-, self-reported CRSwNP, and family history in detecting CRSwNP. We hypothesised that radiologic, self-reported and heredity of NPs could be able to Fig. (2) . The Receiver operating characteristic (ROC) discrimination curve of prediction models for CRSsNP group (n=55) over CRSwNP group (n=18). Total radiologic NP score gave an AUROC of 0.95 (95% CI 0.91-1.00), p<0.001. With the threshold value total radiologic NP score ≥ 8/16, the sensitivity was 94% and specificity 82% for detecting CRSwNP from CRSsNP group. Total LM score gave an AUROC of 0.84 (95% CI 0.75-0.94), p<0.001. With the threshold value LM score ≥ 9/24 the sensitivity was 78% and specificity 69% for detecting CRSwNP from CRSsNP group. predict CRSwNP phenotype. Studies support that early awareness and early treatment of CRSwNP might prevent progressive and severe disease forms as well as development of asthma [10, 11] . Thus studying predictive potential of radiologic and reported NP signs could be useful in situations where nasal endoscopy is not available, such as in primary care or during visits at another specialist other than an Otorhinolaryngologist.
We were able to develop a radiologic NP score with good specificity and sensitivity to detect CRSwNP from CRSsNP. The score was based on findings in nasal turbinates and maxillary, anterior/posterior ethmoid cells showing that polypoid sinus mucosa and/or non-detectable middle/inferior turbinate(s) were most indicative for CRSwNP phenotype. Total LM showed a moderate specificity and sensitivity to detect CRSwNP from CRSsNP. Larger well-characterized prospective cohort studies are needed to further evaluate predictive algorithms based on CT scan findings.
In addition to radiologic NP score, self-reported NPs associated with CRSwNP phenotype. This might indicate that in situations of lacking the possibility to perform nasal endoscopy, early recognition of CRSwNP might benefit form information obtained from both sinus CT scans and patients, in addition to clinical examination and proper patient interview. In this study, patients were asked the presence of NPs when referred to a CRS-surgical consultation at the University Hospital, which might have increased self-awareness of NPs. Hence true positive and false negative rates of self-reported NPs might be lower in general population which might lead to poorer predictability of self-reported NPs for CRSwNP phenotype. A study of school students showed that of 131 diagnosed asthma cases, 118 (90%) were aware about their diagnosis indicating the need for health education of airway diseases [15] . Strikingly, contrary to expectation, family history of NPs did not associate with CRSwNP or CRS. This could be associated with the observation that CRS patients were uncertain concerning family history when reporting NPs compared to controls. Additional evidence for this line of thinking comes from other studies showing poor accuracy in reporting family history of diseases such as colorectal cancer or prostate cancer [16 -18] . It could thus be speculated that, younger age of controls, as in our study, could in part explain them to be more astute when seeking information and hence be more aware of family history and health related issues. On the other hand, our models were adjusted by age, gender, presence of AR and asthma.
Family history of allergy and/or asthma was given with higher certainty both in CRS and control groups compared to family history of NP, which was given with uncertainty. Poor knowledge of NPs heredity could indicate an unmet need to improve patient education in order to detect patients at risk to develop recalcitrant CRSwNP early and to improve their respiratory health. Our study also highlights an important need to improve questionnaires to better detect positive family history of CRSwNP. The question "Do you have a family history of NP" will putatively need additional questions such as "Has a family member complained symptoms of CRS such as loss of nasal obstruction, discharge, facial pain or loss of sense of smell?" or "Has a family member undergone a paranasal sinus operation and/or polypectomy?". Future studies are therefore needed to validate whether additional questions would improve possibilities to gather knowledge of inherited CRSwNP.
This study has several limitations. The sample size was small and not population based. CRS population presented a random sample of CRS patients visiting CRS-surgical consultation and thus the limited number of CRSwNP patients. There might have been limitations in the variables collected from patient records. We acknowledge that lack of SNOT22, endoscopic NP score, NP eosinophilia, and socioeconomic status limits the interpretation of the findings.
CONCLUSION
The study demonstrated that radiologic NP score and selfreported NPs associated with endoscopic NPs. This might be clinically useful in situations where nasal endoscopy is unavailable, in order to hit early progressive CRSwNP. Family history of CRSwNP had less predictive value. Validation studies with larger population are still needed. 
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